for evaluating chemistry models and performing climate change studies.
For the calculation of the vertical column (VC) which adjusts the ACCO values to the 200 hPa level, climatological ozone values from Fortuin and Kelder (1998) climatology where used. The Fortuin and Kelder (1998) climatology is reported in volume mixing ratios (vmr) for specific pressure levels. In order to convert the volume mixing ratios (ppm) to Dobson units (DU), the following formula was used: 
Finally, the vertical ozone column of the nearest pressure level reported in climatology with each cloud top height (pressure) measurement was used for the adjustment of the ACCO.
• and FRESCO do not take into account the UV penetration inside the clouds), the value of 1 DU was subtracted from the climatological correction term in the case of GOME and GOME-2 ACCO. As the geometrical top of the cloud is hundreds of meters higher than the one retrieved by FRESCO
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and ROCINN, the vertical ozone column correction between the cloud top height given from these algorithms and the 200 hPa is higher than it should.
Since the cloud algorithms differ between instruments and in order to have more than 50 cloudy ozone measurements per latitude band, the lower cloud top height limit classifying the DCCs is different for each satellite instrument. For GOME and GOME-2 the minimum CTH is 7 km and 190 for SCIAMACHY 9 km. All ACCO measurements which result in negative TTCOs or have a daily averaged standard deviation in a 2.5
• lat by 5
• lon bin of more than 10 DU or differ more than 4 DU with the neighbouring daily binned measurements are screened out. Finally, the monthly averaged ACCO per 2.5
• latitude bands from the western Pacific region (70 • E-170 • W) is subtracted from the monthly averaged total column (2.5
• by 5
• bins) of nearly cloud free areas (cf < 0.1), yielding 195 the monthly tropical tropospheric column of ozone (TTCO). Fig. 4a shows the difference between the ACCO values before and after screening out the outliers. The differences are up to 10 DU for latitudes where less cloudy ozone measurements appear ( in this case at Southern tropics, since the ITCZ moves to northern latitudes in summer, see Fig. 3a on the right for GOME-2). The ozone column above than 200 hPa and three ozonesondes stations (Ascension, Kulala Lumpur and Hilo) is 200 also presented in Fig. 4a . The ozonesonde burst altitude resides within the stratosphere, therefore the above 200 hPa ozone column form ozonesondes had to be indirectly calculated for these stations.
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For this reason, the ozonesonde measurements from the surface up to 200 hPa were integrated and monthly averaged and then they where subtracted from the GOME-2 monthly averaged total ozone measurements, deriving the ozone column above 200 hPa. The agreement between the ozonesonde's
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ACCO and the corrected ACCO' is less than 2 DU. Finally, in the same figure the variation of the ACCO using 10 days and monthly averaging it is shown. In Fig. 4b 
Error analysis
This section summarizes the potential sources of uncertainty that contribute to the overall uncertainty in the retrieved tropical tropospheric ozone columns (TTCO). Table 2, 3 and 4 give an overview on all uncertainties that have been identified in TTCO retrieval for the year 2006, using SCIAMACHY 215 ozone and cloud data. The propagation of these uncertainties to the TTCO is calculated as follows
as they are supposed to be uncorrelated and follow a Gaussian distribution. The assumption that the uncertainties are Gaussian distributed might lead to underestimation while the assumption that the errors are dependent and simply add up would significantly overestimate the actual uncertainty.
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The error in the total ozone column retrieval originates from the a-priori errors associated with the use of the ozone climatology and simplifying assumptions made in the derivation of effective parameters (Coldewey et al., 2005) . Weber et al. (2004) showed that the monthly mean error in the total ozone column, X T COretrieval is about 1% (∼2.6 DU). This error propagates in the total uncertainty. The monthly variability in the averaged total ozone column (1σ standard deviation of 225 the mean), contributes randomly to the final total ozone column uncertainty. This parameter, σ T CO is found to be ∼ 2 DU (0.8%) (see Table 2 ). The total uncertainty in the total ozone columns is therefore given by eq. 3 and is calculated to be less than 3.4 DU (1.3%, see Table 4 ).
However, the greatest uncertainty contribution in the tropospheric ozone column arises from the 230 above cloud column calculation. The cloud knowledge is a parameter that introduces systematic errors in the ACCO retrieval. These uncertainties are inherent in every measurement and they affect the measurements selection criteria. parameter change (Rahpoe et al., 2013) . The errors in the cloud top height estimation, X CT H are about ± 500 m (Lelli L., 2013). Monthly ACCO values for cloud top heights greater than 8.5 km and 9.5 km were compared with the ACCO calculated for cloud tops greater than 9 km. Table 3 shows the uncertainty in ACCO due to cloud top height uncertainties. For the senario where cth ≥ 240 8.5 km, the uncertainty in ACCO is between ∼ 0.0 to 0.5 DU and for the scenario where the cth ≥ 9 km, the uncertainty in ACCO ranges between ∼ -0.8 to 0.7 DU. The error in cloud fraction, X CF is ±0.1 (Valks et al., 2011) which contributes to -0.4 to 0.8 DU in the ACCO uncertainty. The error in the ozone retrieval from WFDOAS, X ACCOretrieval is also 1% and is added to the total uncertainty of the ACCO. All these uncertainties are added up as shown follows.
The hypothesis of the invariability of the ACCO through a latitude band introduces a random uncertainty (X ACCOrand ) equal to the standard deviation (σ ACCO ) of each 2.5
• lat gridbox in the reference region of the western Pacific (70
The uncertainty from the variability of the ACCO within a latitude band has been calculated to be between 3-6 DU (∼2%), whereas the sys-
250
tematic uncertainties are about 2.5 DU. The total ACCO uncertainty is calculated as follows
and ranges between 4-6.7 DU (1.8% -2.8%) (see Table 4 ). Finally, the total tropospheric ozone (TTCO) uncertainty was calculated from eq. 2 and found to be between 5 to 7.4 DU (25 -36 %) as summarized in Table 4 .
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Results
The CCD technique applied to GOME, SCIAMACHY and GOME-2 data provides consistent results with similar patterns and range of tropospheric ozone values (see Fig 
Validation with ozonesondes
The accuracy of the method was investigated by comparisons with collocated ozonesonde measurements of tropospheric ozone columns (± 5
• in latitude and longitude). The data were taken from the Southern Hemisphere ADditional OZonesondes (SHADOZ) network (Thompson et al., 2003) .
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The ozonesonde sites shown here ( Fig. 7-9 ), staring form North to South, are: (a) Hilo (19.4 • N, , 2010) . Considering these points and the fact that ozone sonde measurements are rather sparse in time, the comparison of monthly averaged tropospheric ozone from CCD with monthly averaged tropospheric ozone from ozonesondes has some limitations. Table 5 lists the timeseries mean GOME, SCIAMACHY, and GOME-2 TTCOs as well as tropospheric ozone columns 295 from ozonesondes at the statons mentioned above. Fig. 7 -9 show the tropospheric ozone timeseries from the CCD method plotted with collocated ozonesondes measurements (until 200 hPa) for the aforementioned stations. The comparison for all these ozonesonde stations, shows that the bias is less than 5.2 DU, the mean biases range between 2 and 24%, the RMS between 4 and 10 DU, and the correlation coefficient R ranges between 0.1 (Kuala Lumpur/GOME-2) and 0. whereas the relative differences (14-24%) and RMS (< 7 DU) are large, and the correlation is weak (R < 0.4). (Fig. 11) . It is apparent that the LNM tropospheric ozone columns appear somewhat noisier, exhibiting some anticorrelated 365 peaks with respect to ozonesondes (e.g. Kuala Lumpur, Paramaribo, Samoa). On the other hand, the seasonality and the range of ozone values is well followed at stations with a distinct seasonal cycle (Natal, Ascension). Both CCD and LNM tropospheric ozone columns exhibit weak to low correlation (R<0.5) and differences of less than 10% with the exception of Nairobi where relative difference is 22% (see Table 6 ). CCD generally agrees better with ozonesondes (0.3 < R < 0.7) with 370 the exception of Nairobi and Samoa. Finally, there is no correlation between the three datasets at Kuala Lumpur.
Comparison with Limb/Nadir Matching tropospheric ozone columns
Conclusions
Monthly averaged tropospheric ozone columns have been calculated on a 2.5
• latitude by 5
• longitude grid between 20
• S -20
• N using the CCD method from 1996 -2012 for GOME/ERS-2, SCIA-
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MACHY/ENVISAT and GOME-2/MetopA data. The method indicates that the retrieved ACCO a) The number of counts per gridbox with cf greater than 0.8 and cth greater than 9 km (SCIAMACHY) and cth greater than 7 km (GOME-2) for January and Au- Table 5 . Statistical comparison between a) GOME, SCIAMACHY, and GOME-2 TTCOs with ozonesondes for nine SHADOZ sites. Information presented here: the ozonesonde site, the mean TTCO for GOME/SCIAMACHY and for ozonesondes, the relative difference, the bias and the RMS difference between CCD TTCO and sondes and finally the correlation coefficient. The values are in DU.
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